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Development of an Open Drive Scroll Compressor for Transportation Refrigeration
Todd A. DeVore, Copeland Corporation, Refrigeration Division
ABSTRACT
In response to the demand for a new generation of compressors for transportation
refrigeration, a horizontal open drive scroll compressor has been developed. This paper discusses
several key technical features which allow the compressor to meet the unique demands of
transportation refrigeration. Among these features are integral temperature protection for
improved system reliability and an internal oil pumping and filtration system to ensure long
bearing life. Further, the compressor has an oil baffling system to reduce oil circulation and
improve system efficiency. The performance, efficiency, and reliability goals which were set for
this compressor have been met, and the compressor is now in production.

INTRODUCTION
The concept for scroll compressors has been available for many years, but it has only
been in the past ten to fifteen years that manufacturing technology has evolved to allow mass
production of scroll compressors [1]. Air conditioning compressors were the first to be
produced. Only recently have refrigeration-duty scroll compressors become available. Because
of the higher pressure ratios and lower mass flows inherent to refrigeration, new demands were
placed on the compressors. Scroll vanes needed to become more robust to support the higher
pressure ratios. Because refrigeration conditions have lower mass flow than air conditioning,
tight seals against leakage became even more important_ Refrigerant re-expansion after
discharge also becomes more of an issue, leading to the use of a discharge valve [2].
Open drive compressors are not typically used where refrigerant-cooled hermetic and
semi-hermetic designs can be applied. They are useful in applications where a loss of cooling is
not acceptable, and can be used as backup systems for some installations. They are also very
useful in situations where reliable electrical supplies are not available, such as transport
refrigeration. An advantage of open drive compressors is the ease of changing operating speed.
Open drive compressors can be coupled to the power source directly, through pulleys, gears, or
other power transmission devices.
Transport refrigeration places unique demands on a compressor. Because of the
confined packaging space and desire to haul more cargo, the compressor must be compact and
lightweight. Rapid temperature pulldown and reduced fuel consumption are also desirable,
making a highly efficient compressor important Also, as more emphasis is placed on reducing
noise pollution, a quiet compressor is a value-added product. This is especially true during
electric motor standby operation, when diesel engine noise is not the principal source.

COMPRESSOR DESIGN AND PERFORMANCE
The compressor is divided into high pressure and low pressure regions. The
high pressure region is a cap assembly consisting of two steel plates and a ring. This assembly
bolts to the low pressure region, which consists of an aluminum body containing scroll elements,
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liquid injection system, oil baffling system, upper and lower bearings, drive shaft, counterweight,
lubrication system, and shaft seal assembly. Liquid injection is used to enable the compressor to
run at conditions up to 150 °F (65.5 oq saturated condensing. The scroll elements are optimized
for refrigeration and utilize a discharge valve for increased efficiency at high compression ratio
operating points. Refer to Figure 1 for a cross-section of the compressor.
A flat capacity curve is a characteristic of scroll compressors. This is also true for the
open drive scroll, and is evidenced by Figure 2. Scroll capacity curves are most noticeably
flatter than reciprocating compressors at high condensing temperatures. Further experimentation
was performed to find out what effect shaft speed had on volumetric efficiency. As Figure 3
shows, the maximum volumetric efficiency occurs at approximately 4300 RPM. We hypothesize
that at speeds above this the suction pocket closes too rapidly to allow further volumetric
efficiency gains. Similarly, we hypothesize that at speeds below 4300 RPM the suction pocket
takes long enough to develop and close that the incoming gas can enter and echo off of the scroll
elements, not allowing the maximum volumetric efficiency. Leakage past tips and flanks also
tends to have a larger effect at lower speeds. The effect of speed on compressor efficiency was
also investigated. We found this to be somewhat more condition dependent, but both conditions
showed peak efficiencies between 4300 and 4900 RPM, as shown in Figure 4. To meet capacity
requirements and operate near peak volumetric efficiency, this compressor is qualified to run
between 4200 and 2800 RPM.
Integral Temperature Protection
Transport applications place unique demands on a refrigeration system. Because the
system travels over a variety of road conditions and grades, refrigerant leaks are a higher
probability than in stationary units. This makes a high temperature thermostat very valuable for
preventing compressor damage during a loss of charge situation.
A thermal well has been placed in the upper cap of the high pressure assembly. This
well is located such that all discharge gas exiting the scroll set blows directly across it, allowing
accurate temperature sensing. A low-voltage thermostat is installed in this well, and can then be
connected to system controls. Thermally conductive paste is used to fill all void areas between
the thermostat and the thermal well, ensuring good thermal conductivity. Finally, hightemperature silicone RTV and a plastic cap ensure that the system remains water-tight.
Lubrication System
Because this is a horizontal, open drive compressor, a unique oiling system was required.
In a scroll compressor, one end of the eccentric shaft terminates at the orbiting scrolL Since it is
an open drive compressor, the other end of the shaft terminates outside of the body. These
constraints forced the shaft to go through the middle of the oil pump instead of terminating at the
pump, as fonnd in most oil pumps. The pump selected uses four vanes, and was designed to
provide a flow of 6 ounces per second at 4,200 RPM. Experiments have confrrmed a flow of 6.3
onnces per second at 4,200 RPM.
Design requirements stated completely filtering the oil at least one time per minute. The
filtered oil needed to have a cleanliness of at least 19/14 on the ISO scale. To meet these
requirements, a partial flow filtration system was designed. This oil flow is filtered in two ways.
In the sump, there is a suction screen which prevents particles from entering the oil pump. After
exiting the oil pump, the oil fills a cavity containing the shaft seaL Total flooding of the seal
cavity is used for cooling the rotating/non-rotating interface of the shaft seal. From this cavity,
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oil is then diverted into different directions. Approximately 20% of the total flow goes through a
mesh element filter and is returned to the sump, while the remaining oil traverses the shaft to
feed the bearings. With these flow and filtration rates, the oil is fully exchanged 1.4 times per
minute. This filtration system has been found to maintain an ISO oil cleanliness level of 12/7
after long-term compressor durability testing. These numbers are a code describing the number
of particles of 5 J.Lm and 15 J.Lm size present per milliliter of oil. A full description of this code is
available in ISO 4406: 1984 (E).
Early experiments showed a 5% difference in performance as compared to theoretical
calculations. It was hypothesized that power could be reduced by this amount if parasitic losses
around the counterweight could be eliminated. To accomplish this as well as to maintain low oil
circulation rates, a baffle system has been employed. This system consists of one plate to
separate the scroll cavity from the oil sump cavity, and one formed guard to minimize windage
losses. The formed guard is shaped so as to closely surround the spinning counterweight.
Experiments have shown this guard to reduce overall power consumption by as much as 8%.
Counterweight
Due to the closeness of the upper and lower bearings, the mass of the counterweight
required to balance the shaking forces is relatively large. To easily form this complex shape,
powdered metal was selected. Because of the relatively high speed at which the compressor
operates, finite element analysis was performed to ensure the integrity of the counterweight.
Analysis showed that one side of the counterweight deflected more than the other in operation
due to the differences in mass and centroid. Refer to Figure 5 for a pictorial representation.
Because of the location of the flat which locates the counterweight, stresses were relatively high.
Analysis showed that rotating the flat 180° reduced peak operating stresses by almost 50%.
SUMMARY

A new horizontal, open drive scroll has been developed for the transportation
refrigeration industry. It has met the goals for performance, efficiency, and reliability. This
compressor is now in production and future efforts will focus on cost reductions and
performance enhancements.
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